Purpose: The aim of this study is to present cases of postoperative leakage after various types of gastrointestinal operations that were successfully managed with fluoroscopy-guided Foley catheter. Methods: Fluoroscopy-guided Foley catheter insertion and drainage methods were performed in 13 leakage sites of 10 patients diagnosed as having leakage after gastrointestinal operations such as esophagectomy, gastrectomy and appendectomy. Under fluoroscopic guidance, a guide-wire was inserted into the leakage site where a Foley catheter was then introduced over the guide wire, inserted and ballooned. Results: The median time for the procedures was 30 minutes (range: 20∼260 minutes), with esophagus or stomach leakage sites requiring a longer procedure time than the appendiceal or duodenal stump. The indwelling Foley catheters were successfully removed after a median of 11 days (range: 8∼44 days), and the opening of the enterocutaneous fistulas were spontaneously closed in eight out of 10 patients.
INTRODUCTION
Leakage after gastrointestinal anastomosis is a challenging complication. The rate of anastomotic disruption has been known to range from 0.5 to 30%, (1, 2) and many researchers have reported that several technical factors and patients' conditions were related to its occurrence. (3, 4) Recent developments in surgical technique, as well as the development of improved postoperative care, have decreased the occurrence rate of leakage. However, this problem can still burden surgeons owing to the potential sequela, which include fluid collection, abscess, hemorrhage, malnutrition and sepsis. In addition, it may lead to fatal complications in these patients; a study reported that the leakage-related mortality rate varied from 4.8 to 75%
according to the leakage sites, where partial gastrectomy had the highest rate.(5) Recently, leakage management has been developed towards reducing hospitalized days, morbidity and mortality. In particular, patients who present localized peritonitis after leakage are generally being treated with a percutaneous simple drainage method, even though this does not satisfy physicians due to inconvenience to patients and the length of time spent for complete cessation of the leakage. More recently, although glue applied to the fistula tract or stent that covers the leakage site under endoscopy has also been tried, there were no confirmative results. (6) (7) (8) (9) Thus, we tried a new treatment modality for patients with postoperative anastomotic leakage that was not indicated for the surgical intervention. Our plan was to turn an anastomotic leakage into a well-controlled fistula (Table 1) . We enrolled the patients who presented localized tenderness without generalized peritonitis signs, as imaging studies found the localized abscess. Using gastrograffin swallowing or tubogram tests, we selected patients in whom the bowel content from the point of leakage did not spread over the whole abdominal cavity. Mainly, the patients with leakage sites which were possible to approach by interventional method were included in this study. All patients provided informed written consent for this procedure.
2) Technique
Before the procedure, patients were supine on the fluoroscopy table. The guide catheter, of various types, was inserted through the indwelling drain to obtain a tubogram (Fig. 1A) . In patients who did not have external drainage of leaked content or who failed to obtain a proper tubogram, the gastrograffin swallowing test was performed immediately prior to the procedure, and a guide catheter was then percutaneously inserted near the site of leakage.
Under fluoroscopic guidance, a 0.035-inch Terumo hydrophilic guide wire (Terumo, Tokyo, Japan) was introduced through the guide catheter (Fig. 1B) . The fluoroscopic examination allowed confirmation of correct placement of the guide wire. After the guide-wire was precisely placed in the bowel lumen, a Foley catheter (Sewoon Medical, Seoul, Korea) sized from 8 to 16 French was inserted over the guide-wire and ballooned (Fig. 1C) .
Although the type of Foley catheter and the size of ballooning were decided according to the features of the leakage site and bowel lumen, 8 to 12 French and 6 to 8 cc ballooning commonly used. We confirmed catheter placement by tubogram through the Foley catheter (Fig.   1D ). Finally, the catheter was anchored with mild tension (Fig. 2) . Interestingly, we had difficulty in percutaneously approaching the leakage site of esophagogastric anastomosis in the lateral neck while performing the procedure in patients with transhiatal esophagectomy. Therefore, we introduced the guide-wire through the oral cavity to the leakage site in the neck, snared the wire with a percutaneously introduced stone retrieval basket and inserted the Foley catheter in the inner side of the lumen.
3) Care after the procedure
After the procedure, we observed patients overnight without oral intake for whether the drainage was effective and whether they showed symptoms of peritonitis. On the next day, patients began with a sip of water and, if that was tolerable, advanced to their regular diet and normal physical activity on the second day after the procedure. The wound dressing for the catheter insertion site was changed once a day if drainage of bowel contents through the catheter was complete. If there was no complaint of fever or abdominal pain on the third day after the procedure, the catheter could be locked. After observation for about more two days in the hospital, a discharge was recommended under normal conditions. In ambulatory care, the ballooning was withdrawn and the catheter was removed unless the patients presented symptom or the leakage of contents around fistula.
RESULTS
For the 13 leakage sites in 10 patients, all management trials were successfully performed by inserting a Foley catheter into the bowel lumen through leakage sites (Table   1 ). Eventually, a surgical procedure may be required, which can be associated with increased morbidity and mortality.
Although the principle of drainage using Foley catheter insertion is similar to simple drainage techniques with respect to using interventional radiology without reoperation, our method has several clinical advantages over simple drainage techniques, as follows: First, the proper size of the ballooning could obstruct the leakage site, and it is easy to prevent local fluid collection and take care of the skin around the external os., if the catheter can maintain the tension. Also, it is possible to form the fistula tract faster than in a simple procedure. Second, effective drainage through the catheter allowed the patients to orally intake their nutrition. Although the selection of a nutritional support route is generally dependent on the leakage site, enteral nutrition is the safest and most effective method. (13, 14) Finally, this method allows reduced hospitalized days and admission cost.
The technique adopted in our study was previously used in fluoroscopically guided percutaneous gastrostomy with a large-bore balloon-retained catheter.(15,16) Chan et al. (15) reported that this technique did not require surgery and was an effective procedure to supply enteral nutrition without a failed case or major complication. However, several minor complications, such as tube dysfunction and ballooning rupture during the procedure, were reported. In our results, although all cases were performed successfully without morbidity and mortality during the procedure, there was some difference in the procedure time or difficulty of approach. Leakage sites of duodenal and appendiceal stumps were easy to approach, and it took less than 60 minutes to perform these procedures because the areas are partially fixed to the retroperitoneum, which easily led the guide-wire to the leakage point. However, for a leakage site such as esophago-jejunostomy after total gastrectomy or gastrotomy for end to end anastomotic device (EEA) insertion, which are located in a deep portion of the abdominal cavity and not fixed, it took a longer time to find the leakage site under fluoroscopy.
Moreover, three sites that failed to close after successful insertion of the catheter let us know the relative contra-indications for this procedure. In two of the three sites, related to total gastrectomy, it was difficult to fix the Foley into the lumen, and ballooning easily escaped from the lumen. On the other hand, a duodenal stump showed a persistent enterocutaneous fistula for 2 months after the removal of Foley catheter. We could confirm the short tract in the later re-operation field. Therefore, a difficult area in which to fix the Foley or a short distance from skin to leakage site might have difficult to apply our procedure.
In conclusion, the application of fluoroscopy-guided 
